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Research Motivation:

Chronic ischemic wounds, including pressure ulcers, are a devastating secondary
complication for many people with decreased mobility and compromised circulation.

Annual treatment costs have been estimated to be in excess of $1.3 billion per annum [1].

Electrical stimulation (ES) is one of only two therapeutic options to be recommended by
the Agency for Health Care Policy and Research [2].

Acceptance has been limited due to both the technology used to deliver treatment and
lack of standard treatment protocols.
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Existing Treatment Methods

Electrical stimulation for the treatment of chronic wounds, most specifically pressure
ulcers, was first reported nearly 40 years ago [7].

Critical evaluation of clinical efficacy indicates that although ES may be an effective
treatment modality, there is currently no clear understanding of the basic mechanisms
underlying the effects of ES in wound repair [4], [3].

Current clinical ES wound therapy uses surface stimulation devices, either battery or
mains powered, i.e. tethered, and is provided only in the clinic setting

Treatment requires placing stimulating electrodes around the wound area at every
treatment session and removing them post-treatment.

Frequent exposure of the wound area precludes maintenance of an optimally effective
moist wound environment [5,6,7].

There may also be an increased infection risk due to repeated wound exposure.
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Proposed Solution

The integrated surface stimulation device (ISSD) will provide the basis for a platform
technology which is customizable for a diversity of short-term clinical applications. The
initial design requirements are that the prototype device will contain all the components of
a stimulation system within a lightweight portable device that;

*Is low-profile, flexible, disposable, safe and low-cost (less than $100)

*Provide an occlusive dressing, leading to an optimal moist wound healing
microenvironment.

*Contains its own power supply, that can run continuously for up to 7days, i.e. is
battery-powered.

*Provides single-channel, current-controlled electrical stimulation that is
programmable for pre-defined range(s) of stimulation parameters, according to the
specific application.

*Includes an intuitive user interface for selection and control of stimulation patterns.

The ISSD will be a therapeutic electrical stimulation device that achieves high efficacy and
safety and high acceptance by both clinicians and users.
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Flexible Electrode Design

The ISSD is constructed on a flexible polyimide
substrate with platinum stimulation electrodes.
The substrate is processed on a 4” wafer platform
using standard micro-fabrication patterning and
etching techniques.
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Substrate Layout on 4” wafer

The electrodes and circuit board contacts are
patterned on the bottom side of the polyimide,
then the contacts are folded over to the top side.
This technique eliminates the need for multilayer
processing and via construction.
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The ISSD substrate is then cut to size and mated
with the printed circuit board using conductive
epoxy.

Prototype ISSD Mockup
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ISSD Hardware Operation

System controller:
ISSD hardware is centered around Microcontroller
an 8-bit PIC microcontroller that PICTeress -
controls all major device functions. E [ 2568 EEPROM || Trigger Tsue
The PIC integrates memory, 8§ DnSomoer L T UART | o]
communication, analog-to-digital = abtPan M- b vl
conversion (ADC), and boost _ . Converter

: , RTC Oscillator |-+ Real-time Clock |
converter control functions into a
1cm? package. aotage | rostaoe |

Temperature

Boost-mode voltage converter senser
Used to generate high voltages for S —

wound stimulation from low voltage
power supply. The microcontroller
closely regulates stimulation
voltage and shuts down the
converter when idle.

Communication link

An IrDA transceiver and controller
communicate with an external
device. No specialized equipment
Is needed to use the ISSD.

Contacts
IR Comms Link —| —_| _ Flexible Polyamide
Substrate
: A __ Platinum Electrodes
Coin Cell Battery (bottom layer)
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ISSD System Design A

IrDA Data Link

Electronic Bandage

PC/ Handheld

Stimulation Parameters —»

<«—Measured Data

*Applies programmable surface
stimulation to wound site for up
to seven days.

*Generates stimulation parameters
based on experimental design.

*Programs ISSD with stimulation

. : *Measures and logs tissue
parameters via infrared link. 9

temperature and resistance.
*Retrieves and stores measured

treatment data from bandage. *Closed-loop control minimizes

power consumption and identifies

ISSD fault conditions.
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Stimulation Waveform

ISSD Software

##) Stimulator Bandage Terminal
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Custom software interfaces with the ISSD |
and can be used on either a PC or e =R
handheld. o

Don't forget to remove programming cable!

Functions:
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*Programming stimulation parameters
*Downloading experimental data

Reduces programming effort and avoids
costly mistakes. Downloaded data is

readily exported to a statistical analysis L p
software tool.
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